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ABSTRACT 



A system, electronic monitor and method are provided that 
utHize impulse radio technology to enable a farmer to 
accurately track a position of an object (e.g., farm 
equipment, farm animal, farm employee) as the object 
moves around a farm and/or to enable a farmer to monitor 
a variety of parameters associated with the moving farm 
equipment. In addition, the system, electronic monitor and 
method can utHize impulse radio technology to help control 
either remotely or automatically one or more pieces of farm 
equipment. 

48 Claims, 20 Drawing Sheets 
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Mixed Mode Tracking ArcUtecture , ^ , , . 
For ease of reference, in FIGS. 20-25 the below legend 

applies. 



Symbols and Definitions 

Receiver Radio (receive only) 
Transmitter Radio (transmit only) 
Transceiver Radio (receive and transmit) 
Reference Radio (fixed location) 
Mobile Radio (radio being tracked) 

Duplex Radio Link 



M: 



TOA, DTOA Time of Arrival, Differenced TOA 



Simplex Radio link 
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Referring to FIG. 20, there is iUustrated a diagram of an 
impulse radio positioning network 2000 utilizing a mixed 
mode reference radio tracking architecture. This architecture 
defines a network of reference impulse radio umts Kl-KO 
comprised of any combination of transceivers {Ry, R2, K4, 
RO/transmitters (R3), and receivers (R,)- Electromc moni- 
tors (none shown) entering this mixed-mode reference net- 
work use whatever reference radios are appropriate to deter- 
mine their positions, r • w 
Referring to FIG. 21, there is a diagram of an unpulse 
radio positioning network 2100 utiUzing a mixed mode 
mobile apparatus tracking architecture. Herem the elec- 
tronic monitors M1-M3 are mixed mode and reference 
impulse radio units R1-R4 are likely time-synched^ In this 
illustrative example, the electronic monitor Ml is a 
transceiver, electronic monitor M2 is a transmitter, and 
electronic monitor M3 is a receiver. Hie reference impulse 
radio units R1-R4 can interact with different types of 
electronic monitors M1-M3 to help in the determination of 
the positions of the mobile apparatuses. 
Antennae Architectures 

Referring to FIG. 22, there is iUustrated a diagram of a 
steerable null antennae architecture capable of being used in 
an impulse radio positioning network. The aforementioned 
impulse radio positioning networks can implement and use 
steerable null antennae to help improve the unpulse radio 
distance calculations. For instance, all of the reference 
impulse radio units R1-R4 or some of them can utilize 
steerable null antenna designs to direct the impulse propa- 
gation; with one important advantage being the possibihty of 
using fewer reference impulse radio units or improvmg 
range and power requirements. The electronic monitor Ml 
can also incorporate and use a steerable nuU antenna. 

Referring to FIG. 23, there is illustrated a diagram of a 
specialized difference antennae architecture capable of 
being used in an impulse radio positioning network. The 
reference impulse radio units R1-R4 of this architecture 
may use a difference antenna analogous to the phase differ- 
ence antenna used in GPS carrier phase surveying. The 
reference impulse radio units R1-R4 should be time synched 
and the elecUonic monitor Ml should be able to transmit and 

receive. . e 

Referring to FIG. 24, there is illustrated a diagram ot a 
specialized directional antennae architecture capable of 
being used in an impulse radio positioning network. As with 
the steerable null antennae design, the implementation of 
this architecture is often driven by design reqmrements. ITie 
reference impulse radio units R1-R4 and the mobile appa- 



ratus Al can incorporate a directional antennae. In addiUon, 
the reference impulse radio units R1-R4 are hkely tune- 

^^tfeting to FIG. 25, there is illustrated a diagram of an 
amplitude sensing architecture capable of being used in an 
impulse radio positioning network. Herein, the reference 
impulse radio units R1-R4 are Ukely time-synched Instead 
of the electronic monitor Ml and reference impulse radio 
units R1-R2 measuring range using TOA methods (round- 
Irip pulse intervals), signal amplitude is used to determine 
range. Several implementations can be used such as mea- 
suring the "absolute" ampUtude and using a pre-defined look 
up table that relates range to "ampUtude" ampHtude, or 
"relative" amplitude where pulse ampUludes from separate 
radios are differenced. Again, it should be noted that m this, 
as all architectures, the number of radios is for lUustrative 
purposes only and more than one mobile impulse radio can 
be implemented in the present architecture. 

From the foregoing, it can be readily appreciated by those 
skilled in the art that the present invention provides a 
system, electronic monitor and method that utilize unpulse 
radio technology to enable a farmer to accurately track a 
position of an object (e.g., farm equipment, farm animal, 
farm employee) as the object moves around a farm and/or to 
enable a farmer to monitor a variety of parameters of the 
moving farm equipment. In addition, the system, electronic 
monitor and method can utiUze impulse radio technology to 
help control either remotely or automatically one or more 
pieces of farm equipment. 

Although various embodiments of the present mvention 
have been illustrated in the accompanying Drawings and 
described in the foregoing Detailed Description, it should be 
understood that the invention is not Umited to the embodi- 
ments disclosed, but is capable of numerous rearrangements, 
modifications and substitutions without departing from the 
spirit of the invention as set forth and defined by the 
following claims. 
What is claimed is: 

1. A method for tracking an object located on a farm, said 
method comprising the steps of: 

attaching, to the object, an ultra wideband impulse radio 
unit; 

determining a position of the object from the interaction 
between the ultra wideband impulse radio umt and at 
least two of a plurality of reference ultra wideband 
impulse radio units distributed at known locations 
throughout the farm; 
receiving, at a central station, information relating to the 

position of the object; 
displaying, at the central station, an overlay of the farm 

that indicates the position of the object; and 
using the ultra wideband impulse radio unit and another 
ultra wideband impulse radio unit at the central station 
to establish two-way communications between a per- 
son at the central station and a person that is the object 
or is associated with the object, wherein the ultra 
wideband impulse radio unit is used to determine the 
position of the object and to establish the two-way 
communications between the person at the central 
station and the person that is the object or is associated 
with the object. 

2. The method of claim 1, wherein the object is a farm 

animal. . - 

3. The method of claim 1, wherein the object is a farm 

employee. ... r 

4. The method of claim 1, wherein the object is a piece ot 

farm equipment. 
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5 The method of claim 4, further comprising the step of 
usiQg the determined position of the farm equipment to 
automatically operate the farm equipment. 

6 The method of claim 5, further compnsmg the step ot 
automatically steering the farm equipment along a crop Ime 

on the farm. . . - 

7 The method of claim 4, further compnsmg the step ot 
using the determined position of the farm equipment to 
automatically control the farm equipment to distribute fer- 
tilizer. , ^ n 

8 The method of claim 4, further compnsmg the step ot 
using the determined position of the fann equipment to 
automatically control the farm equipment to distribute seeds 

9 The method of claim 4, further compnsmg the step ot 
using the determined position of the fann equipment to 
automatically control the fann equipment to distnbute msec- 

ticide. . . , ^ „ 

10 The method of claim 4, further compnsmg the step ot 
using the determined position of the fann equipment to 
automatically control the fann equipment to irrigate the 

farm. . • * <• 

U The method of claim 4, further compnsmg the step ot 
coupUng a controller to the ultra wideband impulse radio 
unit wherein the controller interacts with a plurality of 
sensors that monitor at least one of the fann equipment. 

12. Asystem for tracking an object located on a farm, said 
system comprising: 

an ultra wideband impulse radio unit attached to the 
object; 

a plurality of reference ultra wideband impulse radio units 
distributed at known locations throughout the farm at 
least two of which interact with the ultra wideband 
impulse radio unit to enable the detennination of the 
position of the object; 
a central station capable of receiving information relating 

to the position of the object; 
said central station capable of displaying an overlay of the 
fann that indicates the position of the object; and 
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capable of automatically controlling the farm equipment to 
distribute seeds. 

20. The system of claim 15, wherein said central station 
knowing the position of the fann equipmem is further 
capable of automaticaUy controlling the fann equipment to 
distribute insecticide. 

21. The system of claim 15, wherein said central staUon 
knowing the position of the fann equipmem is further 
capable of automatically conUoUing the farm equipment to 
irrigate the farm. . . 

22 The system of claim 15, further comprising a 
controUer, coupled to the ultra wideband impulse radio unit, 
capable of interacting with a plurality of sensors that mom- 
tor at least one parameter of the farm equipment. 
23. An electronic monitor comprising: 
an ultra wideband impulse radio unit, attached to an 
object, capable of transmitting an impulse radio signal 
containing information to a central station that enables 
a person to track a position of the object moving on a 
fann, where the position of the object is determmed 
from the interaction between the ultra wideband 
impulse radio unit and at least two of a plurality of 
reference ultra wideband impulse radio units distrib- 
uted at known locations throughout the farm; and 
said ultra wideband impulse radio unit is further capable 
of interacting with an ultra wideband impulse radio umt 
at the central station to establish two-way communica- 
tions between a person at the cenUal station and a 
person that is the object or is associated with the object 
wherein the ultra wideband impulse radio umt attached 
to the object is used to detennine the position of the 
object and to establish the two-way communications 
between the person at the central station and the person 
that is the object or is associated with the object. 

24. The electronic monitor of claim 23, wherein the object 
is a farm employee. . u- * 

25. The electronic monitor of claim 23, wherem the object 

is a farm animal. . • u- * 

26. The electronic monitor of claim 23, wherem the object 



said central station including an ultra wideband impulse 40 ^ p-g^.^ f^rm equipment 
radio unit that interacts with the ultra wideband impulse 
radio unit attached to the object to estabUsh two-way 
communications between a person at the central station 
and a person that is the object or is associated with the 
object, wherein the ultra wideband impulse radio umt 45 
attached to the object is used to determine the position 
of the object and to establish the two-way commum- 
cations between the person at the central station and the 
person that is the object or is associated with the object. 

13. The system of claim 12, wherein the object is a fann 50 

animal. , , . . r 

14. The system of claim 12, wherein the object is a fann 

employee. 

15. The system of claim 14, wherein the object is a piece 
of fann equipment. ^- 

16. The system of claim 15, wherein said central station 
knowing the position of the farm equipment is further 
capable of automaticaUy operating the fann equipment. 

17. The system of claim 16, wherein said central station 
is further capable of automatically steering the fann equip- 
ment along a crop line on the farm. 

18. The system of claim 15, wherein said central station 
knowing the position of the fann equipment is further 
capable of automatically controUing the farm equipment to 
distribute fertilizer, 

19. The system of claim 15, wherein said central station 
knowing the position of the fann equipment is further 
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27 The electronic monitor of claim 26, further compris- 
ing a controller, coupled to the ultra wideband impulse radio 
unit, capable of interacting with a pluraUty of sensors that 
monitor at least one parameter of the fann equipment. 

28. The electronic monitor of claim 26, further compris- 
ing a display capable of displaying an overlay of the fann 
that indicates the position of the moving farm equipment and 
the at least one monitored parameter. 

29. Amethod for tracking and monitoring a piece of farm 
equipment located on a fann, said method comprising the 
steps of; 

attaching, to the fann equipment, an ultra wideband 

impulse radio unit; 
receiving, at a central station, information from the ultra 
wideband impulse radio unit relating to the farm equip- 
ment; 

displaying, at the central station, at least a portion of the 

information relating to the farm equipment; 
detennining a cunent position of the fann equipment by 
enabling the ultra wideband impulse radio unit to 
interact with a plurality of reference ultra wideband 
impulse radio units that are distributed at known loca- 
tions around the farm by performing the following 

steps: . 
synchronizing the reference ultra wideband unpulse 

radio units; 
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svnchroDizing the ultra wideband impulse radio unit to 
the synchronized reference ultra wideband impulse 

radio unit^ „^„te 
collecting and time-tagging range measurements 
between the ultra wideband impulse radio unit and at 
least two of the reference ultra wideband unpulse 
radio units; and 
calculating the position of the farm equipment carrying 
the electronic monitor containing the ultra wideband 
impulse radio unit using the collected and time- 
tagged range measurements; 
displaying, at the central station, the current position of 

the farm equipment; and 
using the ultra wideband impulse radio unit and another 
ultra wideband impulse radio unit at the central station 
to establish two-way communications between a per- 
son at the central station and a person operating the 
farm equipment, wherein the ultra wideband impulse 
radio unit is used to determine the position of the farm 



10 



said central station including an ultra wideband mipufee 
radio unit that interacts with the ultra wideband unpulse 
radio unit attached to the farm equipment to estabUsh 
two-way communications between a person at the 
central station and a person operating the farm 
equipment, wherein the ultra wideband impulse radio 
unit is used to determine the position of the tarm 
equipment and to establish the two-way communica- 
tions between the person at the central station and the 
person operating the farm equipment. 

36 The system of claim 35, wherein the information 
relating to the farm equipment includes at least one mom- 
tored parameter. , . 

37 The system of claim 36, wherein said central staUon 
is further capable of indicating an alarm whenever one of the 
at least one monitored parameters exceeds a predetermmed 

threshold. . . 

38 The system of claim 35, wherem said central station 
knowing a position of the farm equipment is further capable 
of automatically controlling the farm equipment m accor- 



lauiu uuii — . Qj- auiomaiicauy L,uuiiw*Aiii^ 

equipment and to establish the two-way communica- ^ agronomic plan 
u.*,,,««« tu^ r.pr«nn at the central station and the ^ ^ r -.c 
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tions between the person at the central station and the 
person operating the farm equipment. 

30 The method of claim 29, wherein the information 
relating to the farm equipment includes at least one mom- 
tored parameter 

31 The method of claim 30, wherein said step ot dis- 
playing further includes indicating an alarm whenever one 
of the at least one monitored parameters exceeds a prede- 
termined threshold. . . 

32 The method of claim 29, further comprismg the step 3^ 
of using the determined position of the farm equipment to 
automatically control the farm equipment in accordance 
with an agronomic plan. . , 

33. The method of claim 29, further comprismg the step 
of monitoring soil conditions. ... 

34. The method of claim 29, further comprismg the step 
of monitoring crop conditions. 

35. A system comprising: 

an electronic monitor, attached to a piece of farm 
equipment, including an ultra wideband impulse radio 
unit capable of transmitting an impulse radio signal 
containing information relating to the farm equipment; 

a central station capable of obtaining the information and 
further capable of displaying at least a portion of the 
information relating to the farm equipment; 

a plurality of reference ultra wideband impulse radio units 
distributed at known locations throughout the farm at 
least two of which interact with the ultra wideband 
impulse radio unit to enable the detennination of the 
position of the farm equipment by performmg the 
following steps: 

synchronizing the reference ultra wideband unpulse 
radio units; 

synchronizing the ultra wideband unpulse radio unit to 
the synchronized reference ultra wideband impulse 
radio units; 

collecting and time-tagging range measurements 
between the ultra wideband impulse radio unit and at 
least two of the reference ultra wideband unpulse 
radio units; and 

calculating the position of the farm equipment carrying 
the electronic monitor containing the ultra wideband 
impulse radio unit using the collected and tune- 
tagged range measurements; 
said central station capable of displaying an overlay of the 65 

farm that indicates the position of the farm equipment; 

and 
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39. The system of claim 35, further comprismg at least 
one sensor capable of monitoring soH conditions. 

40. The system of claim 35, further comprismg at least 
one sensor capable of monitoring crop conditions. 

41. An electronic monitor comprising: 
a controUer operable to monitor at least one parameter of 

a piece of farm equipment; 
an ultra wideband impulse radio unit operable to mteract 
with said controller such that a person can view at a 
central station the at least one monitored parameter; 
said ultra wideband impulse radio unit is capable of 
interacting with at least two of a plurality of reference 
ultra wideband impulse radio units distnbuted at 
known locations throughout a farm to enable a deter- 
mination of a position of the farm equipment by 
performing the following steps: 
synchronizing the reference ultra wideband impulse 
radio units; 

synchronizing the ultra wideband impulse radio umt to 
the synchronized reference ultra wideband unpulse 
radio units; 

collecting and time-tagging range measurements 
between the ultra wideband impulse radio unit and at 
least two of the reference ultra wideband impulse 
radio units; and 
calculating the position of the farm equipment usmg the 
collected and time-tagged range measurements; and 
said uUra wideband impulse radio unit is further capable 
of interacting with another ultra wideband impulse 
radio unit at the central station to establish two-way 
communications between a person at the central station 
and a person operating the farm equipment, wherem the 
ultra wideband impulse radio unit is used to determine 
the position of the object and to establish the two-way 
communications between the person at the central 
station and the person operating the farm equipment. 
42. A method for managing a farm, said method compris- 
ing the steps of: 
obtaining farm related information using ultra vndeband 
impulse radio technology, wherein said step of obtain- 
ing farm related information further mcludes: 
determining a current position of an object carrying an 
ultra wideband impulse radio unit by enabhng the ultra 
wideband impulse radio unit to interact with a plurality 
of reference ultra wideband impulse radio umts that are 
distributed at known locations around the farm; and 
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using the ultra wideband impulse radio unit and another 
ultra wideband impulse radio unit at a central stauon to 
estabUsh two-way communications between a person at 
the central station and a person that is the object or is 
associated with the object, wherein the ultra wideband 
impulse radio unit is used to determine the posiuon of 
the object and to establish the two-way communica- 
tions between the person at the central staUon and the 
person that is the object or is associated with the object. 

43. The method of claim 42, wherein said step of obtam- 
ing the farm related information includes: 

monitoring soil conditions and crop conditions on the 

farm. , . , ^ 

44. The method of claim 42, wherein the object is a farm 

animal. 



45. The method of claim 42, wherein the object is a farm 

employee. , . ■ 

46. The method of claim 42, wherein the object is a piece 

of farm equipment. t • 

5 47. The method of claim 42, wherem said step of usmg the 
farm related information to increase the profitabiUty of the 
farm includes: 

automatically controUing the piece of farm equipment in 
accordance with the determined position and an agro- 
10 nomic plan. . 

48 The method of claim 47, wherein the piece of tarm 
equipment can be automatically controlled to distnbute 
fertilizer, seeds, water or insecticides. 
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